One of the often-stated functions of wetlands is their ability to remove gediments and other particulates from water, thus improving water quality in the adjacent aquatic system. However, actual rates of suspended sediment removal have rarely been measured in freshwater wetland systems. To address this issue, suspended sediment dynamics were measured in a 85-kin-' bonomland hardwood (BLH) wetland adjacent to the highly turbid Cache River in eastern Arkansas during the 1988-1990 water years. A suspended sediment mass balance was calculated using depth-integrated, flow-weighted daily measurements at wetland inflow and outflow points. Over the three-year period, suspended sediment load decreased an average of 14% between upstream and downstream sampling points. To test the idea that the suspended sediments were retained by the adjacent wetland and to determine what portion of the BLH forest was most responsible for retaining the suspended sediments, concurrent measurements of sediment accretion were made at 30 sites in the wetland using feldspar clay marker horizons, sedimentation disks, the '~Tcesium method, and dendrogeomorphic techniques. Sedimentation rates exceeding 1 cm/yr were measured in frequently flooded areas dominated by Nyssa aquatica and Taxodium distichum. Maximum sedimentation rates did not occur on the natural levee, as would be predicted by classical fluvial geomorphology, but in the "first bottom," where retention time of the water reached a maximum. Multiple regression was used to relate sedimentation rates with several physical and biological factors, A combination of distance from the river, flood duration, and tree basal area accounted for nearly 90% of the variation in sedimentation rates.
INTRODUCTION
One of the most often cited functions of wetlands (e.g.. Brinson et al. 1995) is their ability to retain suspended sediments and substances adsorbed to them. That this function occurs is almost intuitive--water enters a wetland, slows as it comes in contact with wetland vegetation, and sediments in the water fall out of suspension and are deposited in the wetland. There is ample anecdotal evidence for the function as well. In his 1821 visit to the Yazoo Basin, one of the major drainages of the lower Mississippi Valley, John James Audubon journeyed through the extensive swamps of the basin and described the Yazoo River as "... a beautiful stream of transparent .water covered by thousands of geese and ducks and filled with fish." During this century, almost all of the forested wetlands in the Yazoo Basin have been cleared for agricultural production. Today, the river is highly turbid, and has the highest concentrations of DDT and toxaphene in freshwater fish in the United States (Schmitt et al. 1990 ). Both insecticides are hydrophobic and readily adsorb to the surface of sediment particles.
In spite of the intuitive likelihood of this function, little quantitative work has been done on the ability of freshwater wetlands to retain suspended sediments. Boto and Patrick (1979) noted that "Little hydrologic data on rates of flow through freshwater wetlands are available. [Therefore] any discussion of the relative efficiencies of ,.. forested fresh water wetlands in promoting deposition of sediment by the "filtering" action of plants would be speculative." More than a decade later, in a review of sediment and nutrient retention by freshwater wetlands, Johnston (1991) found only fourteen published reports of vertical or mass accumulation rates for mineral soils and sediments in the entire country. Even in coastal areas, where sediment accretion has been studied much more extensively because of the submergence of coastal marsh and subsequent land loss (Nyman et al. I993, Cahoon 1994) , it is unclear whether the vertical accretion on the surface of the marsh is duc primarily to the accumulation of river-borne mineral sediment or autochthonous organic materials.
Therefore, the first objective of this study was simply to determine whether this southern bottomland hardwood (BLH) wetland retains suspended sediments from floodwaters. The second objective was to determine whether particular parts, or zones, of the BLH system were more effective in retaining suspended sediments than others. The final objective was to determine whether there were any relationships between the retention of suspended sediments and other environmental factors of the BLH site, such as flood duration and vegetation density. These objectives were accomplished by using a mass-balance approach to measure the sediment load of the Cache River upstream and downstream from a sizable forested wetland system, complemented by in situ measuremenLs of sediment deposition and related environmental parameters at sites located along transects within the floodplain forest.
SITE DESCRIPTION
The Cache River is in the lower Mississippi Alluvial Valley in eastern Arkansas in the physiographic region known as the Western Lowlands. It is an underfit stream; its 2-3 km wide floodplain was geologically formed by the larger St. Francis and Black Rivers rather than the present day Cache River. Remnant meanders and oxbows, which were abandoned approximately 12,000 years ago (Bennett and Saucier 1988) , remain as part of the floodplain. The area intensively studied in this project was bounded by two river gages, located at Patterson and near Cotton Plant, AR ( Figure   1 ). These gages are about 49 river kilometers apart, The drainage basin upstream from the Patterson gage is about 2,686 km 2 in size, and the drainage area between the two gages is about 350 krn z. Approximately 85 km ~ of the area between the gages remains in BLH, typical of the wooded wetlands in the region. The forest is dominated by water tupelo (Nyssa aquatica L.) and bald cypress (Taxodium distichum (L.) Average annual rainfall in the area is approximately 125 cm (Freiwald 1985) , with heavy rainfall occurring during the winter and spring months. Water levels in the Cache River commonly fluctuate more than 3 m during an annual cycle, and discharges range from no flow to more than 280 m3/s. Average daily temperatures range from 5.3°C during January to 26.9°C during July. Average annual actual evapotranspiration rates are about 81 cm.
Much of the Cache River basin upstream of the study area has undergone extensive channelization to allow agricultural development, According to an analysis of aerial photographs and satellite images conducted by Kress et al. (1996) , forest cover in the basin declined from 65% to 15%, and the remaining forest is in smaller~ fragmented blocks. This loss occurred primarily in the period between 1935 and 1965, and the cleared forest has been primarily replaced by row crops. Accordingly, agricultural runoff is the principal source of sediments and nutrients in the basin. No known point-source contribution of wastewater occurs in the study area, and there is little urban development. Ground water is used heavily for crop irrigation, and a decline in the ground water level has occurred in recent decades (Plafcan and Fugitt 1987) .
METHODS

Mass-Balance Study
To address the question "Does the BLH wetland retain sediments from the Cache River?" I initiated a mass-balance study, comparing the mass of suspended sediments flowing into the wetland with that leaving the wetland. To do this, stream discharge and concentration of suspended sediments in the water were measured at the upstream and downstream ends of the wetland. Stream velocity measurements at Patterson and Cotton Plant were made using a bridge crane and a "Price AA'" flow meter, except during extreme low flows when a pygmy current meter was used. A stage-discharge relationship was developed for all flow conditions at all sites following the methods described by Kennedy (1984) . Gages were also established early in the study at six minor tributaries: Miller Branch, Cache
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Bayou, Roaring Slough, Moore Creek, Stanley Ditch, and Holder Ditch. After operating the tributary gages for over a year, flow was never measured at four of the sites. A field inspection showed that water from the other two sites, where measurable flow did occur. entered the outside edge of the floodplain in a series of beaver dams and did not reach the Cache River as surface water flow. Therelore, the operation of the tributary gages was discontinued.
An automated tipping bucket rain gage was installed in a central location on the site to measure rainfall. These measurements were supplemented with rainfall records from the six nearest NOAA weather stations. These measurements were combined with a weightedaverage technique based on the distance of the rain gage from the center of the study area.
All streamflow data are presented by water year (WY), which begins October 1 and ends September 30. This period of measurement was particularly useful in this project because annual low flows almost always occur in September or October in this part of the U.S., so a WY can capture almost all of the volume of water that is in a system in a 12-month period.
Suspended Sediments. Water samples for suspended sediments were collected daily during WY 1988 WY , 1989 WY , and 1990 ti-om bridges at the primary inflow point at Patterson and at the outflow point at Cotton Plant (Figure 1) . These samples were collected using D-59 depth-integrating suspended sediment samplers with the aid of cable and reel assemblies permanently attached to each bridge. Additional samples were collected during storm events. The relationship between suspended sediment concentration collected by the fixed-station sampler and the concentration of the entire river cross-section was periodically checked by use of the multiple vertical equal-width-increment technique (Guy and Norman 1970) . As necessary, an ad~ justment coefficient was applied to correct for differences between results of fixed-station and cross-section samples. During repeated sampling over a 24-hour period, a mean concentration for the day was determined by the graphical method summarized by Porterfield (1972) . Suspended sediment concentration was determined by the evaporation method Guy (1969) , which treats the filtered sediment with peroxide to yield a measure of inorganic suspended sediments.
It is possible that additional sediments could have entered the river between the gages through unmeasured non-point source runoff at the perimeter of the wetland or by tributary flow during extremely high water, but in either case, this would serve to increase the inflow load, resulting in an underestimate of the amount of sediment actually retained by the BLH. Therefore, the sediment retention figures given in this article are conservative, and actual removal may have been somewhat higher if suspended sediments entered the system from other than the gaged upstream source.
Floodplain Study
To determine where within the BLH forest suspended sediments were deposited, 30 sediment stations were established within the floodplain (Figure 1 ). Figure 2 depicts the elevation of each station and its distance from the river channel.
Sediment Accretion Measurements. I measured both sediment mass accretion (kg/mVyr) using sediment disks and vertical accretion (cm/yr) using feldspar clay marker horizons, ~Tcesium, and dendrogeomorphic techniques. More details on the sedimentation accretion methods used can be found in Kleiss (1993) . Sediment Disks. I used "sediment disks" to avoid several problems associated with the use of high-aspect-ratio sediment traps in wetlands. The disks were 15-era-diameter plastic circles with about a i-cm hole in the center. The upper surface of each plate was sanded and "roughed up'" so that sediments would not be easily washed off. The disks were anchored to the ground surface with a 30-cm threaded steel rod, a washer, and wing nut. Accreted material was scraped and collected from the disks annually during low-flow conditions. The sediments were returned to the lab, dried at 105°C, and weighed. Subsamples were ground and combusted at 500°C to measure loss on ignition.
Feldspar Clay Marker Horizons. Feldspar clay is a very white material composed of silt-and clay-sized particles often used lot pottery. I spread it at marked locations on the lbrest floor at a rate of approximately two liters per 0.25 m s pad. Sampling consisted of locating the clay pad and taking a small core (about 5 cm in diameter) of the sediments from the surface, down through the marker horizon, and measuring the thickness of sediments deposited above the highly visible white marker horizon. Samples were taken in triplicate, once a year, during the fall low-water period. Details on this method can be found in Cahoon and Turner (1989) .
~.~TCesium Measurements. Sediment cores (0.5 m long by 10 cm in diameter) from a subset of the 30 sites were sliced into l-cm increments and dried; ~ce-sium activity was counted with a lithium-drifted Germanium detector and multi-channel analyzer (DeLaune et al. 1989) . In this study, depth to both the 1954 first occurrence and the 1963 maximum were used to calculate vertical accretion rates. However, figures reported here are based on the 1963 maximum. ~:Cesium may be used to integrate sedimentation rates over a 25-to 35 year period, thereby taking into consideration periods of resuspension or erosion. Ritchie and McHenry (1989) recently reviewed the use of this technique.
Dendrogeomorphic Technique. Dendrogeomorphic work in the Cache River basin was done by the U.S. Geological Survey (Hupp and Morris 1990) . Sigafoos (1964) and Everitt (1968) showed that historic patterns of floodplain deposition could be described by corn- Distance from river (m) Figure 2 . Floodplain cross-sections depicting elevation above mean sea level (MSL) and distance from the river for each of the sedimentation sites.
bining tree-ring analysis with detailed hydrogeomorphic observation. This method assumes that lateral roots from the trunk of the tree are in the same po~ilicm as they were at germination, so that any sediment above the root represents sediment deposition during the life of the tree. Several trees, representing a range of ages, near each sedimentation site were cored with an increment borer and partially excavated to expose the trees' lateral roots. Measurements of lateral root depth were made from the top of the root to the present soil surface. These measurements were taken 0.5 to 1.0 m away from the tree trunk to help avoid the influence of basal flare. Depth measurements were divided by the tree age to obtain a sedimentation rate near the tree. This technique allows detection of some differences in historic versus more recent sedimentation rates to be made by measuring trees in different age groups.
Other Environmental Measurements. In order to try to explain differences in sedimentation rates among location on the floodplains, a series of other physical, chemical, and environmental measurements were taken around each sedimentation site.
Itydrology of Overlying Water. Flood frequency and duration on each of the 30 plots were calculated for the three-year period using a link-node model called the Wetlands Dynamic Water Budget Model (Walton et al. 1996) . The link-node grid developed for the wetland system had 66 nodes and 115 links. The model was calibrated to stage recorders installed on the floodplain and compared to field measurements taken during the collection of other samples. Calculations of water surface elevation for each node were made on a daily basis. The depth of water and number of days each site was flooded were then determined by subtracting a surveyed elevation for each sediment site from the water elevation at the nearest node. A flood event was defined as any time floodwaters inundated the site, regardless of depth, and flood frequency was the number of times a site was inundated with a dry period between events.
Water Chemistry and Suspended Sediment Particle Size of Overlying Water. Over a three-year period 16 water samples were taken of flood water overlying each of the 30 sites for determination of turbidity and suspended sediment concentration. Particle size of the suspended sediments at Patterson, Cotton Plant, and at the sediment stations along the B transect (Figure 1 ) was measured using the bottom withdrawal method (Guy 1969) .
Vegetation Survey Techniques. All trees (>---5 cm
in diameter at breast height [dbh]) were identified by species and their diameters measured within a 0.04-ha circular sampling plot at 60 m intervals along transects (Smith 1996) . When a vegetation plot did not fall in the immediate vicinity of a sedimentation site, vegetation information from the two nearest sites was averaged ( Figure 2 ). Saplings (<5 cm dbh and>-l.4 m tall) were identified and counted within two 0.004-ha subplots and woody seedlings (< 1.4 m tall) within two 0.0004-ha subplots. The sapling and seedling categories were combined into a new category called under~tory density for analysis. The wetland indicator status of the vegetative community at each plot was calculated by assigning obligate wetland plants a value of 1, facultative wetland plants a value of 2, facultative plants a value of 3, and facultative upland plant a value of 4 and averaging the sum of the values (Reed 1988) . This mean provided an index of the effect of the hyn drology on the vegetation,
Soil Characterization.
At each of the 30 sites, the soil profile was described to a depth of about 2 m by soil scientists from the Natural Resources Conservation Service. Horizon breaks were determined and texture, structure, reaction, color, and extent of mottling were noted for each horizon.
RESULTS AND DISCUSSION
Mass-Balance Study
Correlations Between Suspended Sediment Concentration and Stream Discharge. The correlation between suspended sediment concentration and discharge of the Cache River was poor, The correlation coefficients for Patterson and Cotton Plant were 0.11 and -0.21, respectively (Pearson Product Moment Correlation, p<0.0001, n-1096). These coefficients indicate a slight increase in suspended sediment concentration with increased water discharge at Patterson and a slight decrease in suspended sediment concentration with increased water discharge at Cotton Plant. These correlations changed to t3.40 and -0.03 when both the concentrations and stream discharges were log-transformed. The differences in correlation between the two sites were caused by several data points at Patterson with very high sediment concentrations occurring during relatively low flow. These data represent the rising limb of a flood event carrying high sediment loads. By the time the flood wave reached Cotton Plant, an average of 4 to 5 days later, much of the sediment had been removed by the floodplain, causing a lower concentration of suspended sediments for an equivalent discharge at Cotton Plant. The change in this group of samples was enough to change the direction of the correlation. Because this study used daily suspended sediment data, the lack of correlation between concentration and discharge was not a concern, However, this does cast some doubt on procedures that are dependent on correlations between concentrations and stream discharge to interpolate concentrations from biweekly, monthly, or bimonthly discharge data.
The correlation between sediment load (concentration * discharge) and discharge was much better. The log of the suspended sediment load versus the log of the stream discharge resulted in correlation coefficients of 0.96 and 0.91 at Patterson and Cotton Plant, respectively. Table 1 . Daily suspended sediment loads at Patterson and Cotton Plant were significantly different (Mann-Whitney tests, p<0.001) for each flow condition. Sediment loads were higher at Patterson than at Cotton Plant during high flows, but for low and intermediate flows, the median loads were higher at Cotton Plant than at Patterson. During low flows, the river water has no contact with the wetlands on the floodplain; therefore, sediment retention can not occur. Disturbance of bottom sediments by bottom-dwelling fish may add to low-flow sediment loads. Furthermore, there is evidence that ground water is discharging into the river through the channel bottom, again likely stirring up fine sediments (Gonthier 1996) .
Suspended Sediment
It is less apparent why the Cache River exports sediments during the intermediate flow period. As discussed later in this paper, the cypress/tupelo zone is the area of greatest annual sediment deposition, so it would be logical for a significant amount of sediment to be retained during the intermediate flc~w regime. when the cypress/tupelo is inundated. However, only 7.6% of the total sediment load of the river during the study was carried during this flow regime, so little material was available for deposition. More than 90% of the total annual sediment load of the river was carried during the high flow period. During this flow regime, over 14% of the suspended sediments that entered the system at the upstream end were retained by the wetland, which resulted in an average annual retention of more than 19,000 m tons of sediment•
In an initial attempt to qualitatively sort out some causal factors, Table 2 compares the mass of suspended sediments retained and the percent reduction in total sediment load between inflow and outflow stations for the three water years, with other variables often thought to be related to the sediment retention capacity of wetlands. However, most of these results seem counterintuitive. During WY 1988, 13% of the sediment load was retained, in WY 1989 only 6%, and during WY 1990 more than 22% of the annual sediment load was retained. However, WY 1989 was by far the wettest year, having the highest observed max~ imum flood peak, by far the largest number of days above flood stage and the most rainfall to bring sediments into the floodplain. The total sediment load for the year was highest, but the mass of sediment retained that year was barely larger than WY 1988, the driest year. At first, it seems as though the maximum suspended sediment concentration may exptain part of this result, but a more detailed look at the data shows that the maximum concentrations were observed during May and June, when heavy rainfalls occurred soon after spring cultivation of agricultural fields. Conversely, most of the sediment was retained during winter floods, so these maximum concentrations had little relation to the overall annual sediment retention rate.
A comparison of inflow and outflow sediment loads for individual flood events during each water year is provided in Figure 6 . During all three water years, suspended sediments were exported from the system during low flows. However, during the first flood event of the water year, between 38 and 52% of the suspended sediments entering the system at Patterson were retained by the system before the water left at Cotton Plant. During each successive flood event, the percentage of sediment retained generally decreased. One possible explanation is that during the first flood of the water year, the floodplain is well armored with leaf litter, some herbaceous growth, and roots, and the previous year's sediment deposils are compacted and consolidated. Therefore, when new sediment is deposited on this surface, very little of the old sediment is detached and suspended by floodflow or detached by raindrop intpact. During later flood events, however, leaf litter has been buried or washed away, the herbaceous material has been submerged and senesced, and the surface sediments have had only days or weeks to consolidate. Therefore, a much greater proportion of the surface sediment deposited from the earlier floods is susceptible to detachment and transport.
Floodplain Study
Accretion Rates. Mass accretion rates for the material on the sediment disks and vertical accretion rates for the other three methods are shown in Table 3 . In nearly every case, the greatest vertical accretion rate was measured with the feldspar clay technique, and most often, the dendrogeomorphic approach yielded the lowest rate of vertical accretion. This was, at least in part, due to the time period covered by the method. The feldspar clay results were based on annual measurements, averaged over a three-year period. The cesium measurement covered about a 25-year period. Dendrogeomorphic measurements depended upon the age of the trees sampled and ranged from 15 to 80 years. Over a longer time span, sediments were subject to a longer period of compaction, which would appear as lower rates of accumulation, and the longer samples may be affected by changes in historical sedimentation rates, However, overall trends in sedimentation rates are the same with all methods. Generally, the floodplain can be divided into four zones: the natural levee, the swamp, ridges, and swales. As would be predicted from classical fluvial geomorphology, high rates of sediment accretion occurred on the natural levees as the floodwaters first left the river channel and entered the fl(mdplain (Sites A1, B3, and D4). However, the sites in the cypress/tupelo swamp (A2, A3. Bt, B4, B5, CI, C3, C4, C5, and D5) had nearly equal or sometimes greater rates of sediment accretion than the levee sites. Rates dropped drastically for sites located on a ridge or slight terrace (A4, A5, A6, A7. B2, B6, B7, C2, C6, C7, D2, D6, and I37) and increased slightly in swales or depressional areas, which are located far from the river and probably formed from abandoned channels of the St Francis or Black Rivers (A8, B8+ C8, and DI). This general trend is depicted for Transect A in Figure 7 , where the height of the bars is proportional to the sediment mass accretion in each location within the floodplain. This trend towards high deposition rates in the hackswamp is contrary to results from a study by Johnston et al. (1984) who found that sediment deposition was much higher on the natural levee of a Wisconsin wetland associated with a small stream than in the backwater area. It is also contrary to standard fluvial geomorphology, which states that higher elevation natural levees "owe their character to the retardation of flow velocity when rivers leave the channel, which results in the largest suspended particles being deposited adjacent to the batik" (Ritter 1978:260) . The lower elevations of the backswamp area are therefore due to lower sediment accretion rates. One possible explanation for the difference in the Cache River wetland is the very small particle size of the suspended materials in the pre~ent day river.
Sediment Particle Size. The particle size of sediments suspended in the water column were measured at the surface, middle, and bottom of the water column during flood stage at Patterson, Cotton Plant, and along the B transect once during 1990 and once during 1991. An average of all samples showed that nearly 96% of the suspended material was less than 0.00195 mm. No distinction was found between samples at different depths, nor was there a higher proportion of large grained material in the main river than in the floodplain. This unusually high proportion of clays may be at least in part responsible for the pattern of sediment deposition seen. The clay particles can stay suspended in the water column beyond the natural levee and require the long retention times in the more quiescent backwarers to fall out of suspension. It is also possible that the dissolved organic materials in the backwater areas aid the settling of the negatively charges clay particles.
Soil Descriptions. Broadly, the rates of sediment deposition measured across the Cache River floodplain are reflected in soil descriptions for the 30 sites, Sites where sediment was rapidly accreting in the cypress/tupelo swamps were most often described as Fluventic Haplaquepts and Typic Fluvaquents. Inceptisols, and especially Entisols, are new soils that have had little time to develop distinct horizons, which is consistent with a rapidly accreting environment. On the other hand, many of the sites with the lowest rates of sediment accretion in the oak/hickory areas were Albic Glossic Natraqualfs with a distinct natric horizon, which is an argillic horizon with a high exchangeable sodium content, about 35 em from the surface. Birkeland (1984:224) stated that Alfisols with a natric or argillic horizon may require about 10,000 years to develop. The location of this horizon just 35 cm from the surface indicates that very little sediment has been deposited above it over the last several thousand years.
Regression Model. At each of the 30 sites, data on ground elevation (adjusted to account for the overall upstream-downstream slope of the river reach), distance from the river, flood duration and frequency, tree density and basal area, understory density+ and average inorganic suspended sediments and turbidity of the overlying flaodwater were determined. Using the mass accretion rate of sediment for each site as the dependent variable, these factors were all considered in a stepwise multiple regression model. The model that best fit the data was: accounts for the retention time on the floodpIain. The model was improved slightly with the addition of distance from the river and tree basal area. This analysis reaffirms the importance of the residence time of the water on the floodplain to allow the settling of the suspended material. The environmental parameters regressed are grouped by floodplain zone in Table 4 .
Comparison of Mass-Balance and Floodplain Study Results
The mass-balance study showed a decrease of suspended sediment load between Patterson and Cotton Plant of 11,025, 11,738, and 34,735 metric tons for WY 1988 11,025, 11,738, and 34,735 metric tons for WY , 1989 11,025, 11,738, and 34,735 metric tons for WY , and 1990 , respectively, for an annual average of 19,166 metric tons for the three-year period, Theoretically, the mass accretion rates measured on the floodplain should generate a value similar to this. Multiplying the overall average mass accretion rate of 469 g/m-' by the entire 85 km: of forest in the drainage area between Patterson and Cotton Plant resulted in an average annual mass accretion rate for the floodplain of 39,865 metric tons. Although this average floodplain mass accretion value is more than double the average mass-balance value, it is still well within range of the 1990 maximum value of 34,735 metric tons. This simple calculation does not take into consideration that all of the forest is not flooded, nor does it account for the different sedimentation rates in the different zones of the forest. About 77.5 km z of forest have been estimated by the National Wetland Inventory to be at least temporarily flooded. Lacking good spatial estimates of the area of each zone, natural levee, swamp, ridge, or swale, I estimated the propertion of each of these zones from the average linear extent of the zone on each of the four surveyed transects. For example, I determined that approximately t050 m of a total of 5640 m of transect was swamp. Using this proportion, I estimated that 14.4 km 2 of the 77.5 kin: of flooded forest was swamp and multiplied this value by the mass accretion rate of 799.5 kg/mVyr for the zone from Table 4 . Summing the values for the four zones yielded an average annual mass accretion rate of 24,465 in tons-certainly close enough to the 19, 166 m tons average from the mass-balance data to c]aim that the data are comparable.
Implications of Accelerated Sedimentation Rates
There are several indications that the sediment accretion rates I measured are different from those that have occurred in the geological history of the basin. Noting that the annual sedimentation rates associated with large trees was lower than that associated with younger trees, Hupp and Morris (1990) suggested a marked increase in sedimentation rates in the Cache River basin since 1945. This fits in with the land-clearing patterns of the area, which showed a significant conversion of forested land in the 1930s and 40s to row crops.
Site D1 is additional evidence for change in the system. The meander radius of the oxbow lake in which this site is located dearly places it as a meander of the St. Francis/Black River system. As these rivers changed course more than 12,000 years ago, this 2-m-deep oxbow lake has been present on the landscape for at least that period of time. Current measurements show that sediments are filling the oxbow at an average rate of more than 1 cm/yr. This material is about 26% organic, so this might be a somewhat generous estimate of vertical accretion; however, even at half the current rate, this geomorphic feature has evidently not been filling at this rate for the last 12,000 years. Finally, although there is a large proportion of fine sediments in alluvial fiver systems such as the Cache, for the suspended material to be composed almost entirely of clay-sized particles is not typical. Also, the soils on the floodplain had more sand in them than would be possible if the river had always carried only clay. A possible explanation is that the increased agricultural development of the upstream basin has resulted in non-pNnt-source runoff particularly high in fine materials. This also provides an explanation lbr the anomalously high deposition rates in the cypress/tupelo swamp when compared with the natural levee. Geologically, the levee was formed in the classical way; it is the site where the coarser materials, although they may never have been great, fell out first as the river left its banks. However, the water that went beyond the levee into the swamp probably carried a very low sediment load. Currently, some coarse materials are deposited on the levee, but the floodwaters that go beyond the natural levee into the floodplain are heavily laden with fine particles that settle out only after a greater retention time. This retention time is provided in the quiet waters of the cypress/tupelo swamp. However; thi,~ accelerated sedimentation rate can only be a temporary phenomenon by geologic standards. Figure 8 is a prediction of the change in the shape of the floodplain of the Cache River at Transect A if the current rate of sedimentation continues for the next 100 years. Floodplain filling this extensive will ultimately cause changes in the vegetation community, reduce floodplain storage, and may result in channel migration.
CONCLUSIONS
Over three water years, the bottomland hardwood wetlands along the Cache River retained an average of 14% of the suspended sediment load entering the system at the upstream end. This is particularly significant when it is noted that these forested wetlands represent only about 3% of the area of the watershed upstream of the Patterson gage.
The accretion of sediments in the wetland was also considerable, particularly in the cypress/tupelo zone where vertical accretion rates averaged nearly 1 cm/yr and mass accretion rates 799.5 g/mVyr. This finding may be both positive and negative-the suspended sediment load and turbidity of the Cache River are decreased during passage through the wetland, but indications are that the swamps in the Cache River system are filling at an accelerated rate since the time that intensive agricultural development began in the watershed. This accelerated filling may result in premature changes in the vegetation community, loss of flood storage capacity, and early channel migration.
Suspended sediments were retained by the wetland system during high flow periods when the flood water was spread over the floodplain and retained for long periods of time. This implies that construction projects that artificially confine a river to its channel or limit a river's incursion onto the floodplain will serve to limit the sediment retention function of the floodplain wetlands.
Flood events early in the season showed much higher rates of sediment retention than those late in the season. A possible explanation for this is that accretion rates are due to a combination of deposition and resuspensiom and that antecedent conditions on the floodplain may play an important role in the net sediment deposition rate.
This study strongly supports efforts to reestablish forests in the floodplains of riverine systems. These restored systems will not only trap sediments and improve the water quality of the adjacent rivers but will reduce the sediment burden on existing bottomland hardwoods.
